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TECHNICAL MEMORANDUM X-86

EXPERIMENTAL INVESTIGATION OF A 0.35 HUB-TIP RADIUS
RATIO TRANSONIC AXTAL FLOW ROTOR DESIGNED FOR
40 POUNDS PER SECOND PER SQUARE FOOT WITH
A DESIGN TIP DIFFUSION FACTOR OF 0.20%

By Paul T. Yasaki and John C. Montgomery

SUMMARY

In order to determine the effect of a low design diffusion factor
on the performance of a transonic axial-flow compressor rotor, a high-
specific-flow rotor with a 0.35 hub-tip radius ratio was designed, fab-
ricated, and tested. This rotor used a design tip diffusion factor of
0.20 with a design corrected specific weight flow of 40 pounds per second
per square foot of frontal area, a total-pressure ratio of 1.27, and an
adiabatic efficiency of 0.96. The design, rotor performance, and blade
element performance are presented with a discussion on rotor shock losses
and & comparison with a similarly designed rotor with a tip diffusion

factor of 0.35.

At the design corrected tip speed of 1100 feet per second, a peak
rotor adiabatic efficiency of 0.88 was attalned at a corrected specific
weight flow of 39 pounds per second per square foot of frontal area with
a mass-averaged total-pressure ratio of 1.27. The blade element tip dif-
fusion factor was 0.28, which is 0.08 higher than the design value of
0.20. Peak efficiencies of 0.95, 0.91, 0.89, and 0.85 were obtained at
70, 80, 90, and 110 percent of design speed, respectively.

Comparison of the performance of the rotor reported herein and a
similarly designed rotor with increased blade loading indicates that
higher blade loading results in a more desirable rotor because of a
higher pressure ratio and equivalent efficiency. Computed values of
shock losses at the rotor tip section indicate that the losses at peak
efficiency are primarily a function of shock losses since the profile
losses are only a small percentage of the total loss.

*Pitle, Unclassified.
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At desigh .Ipeed And.weight Frow, Gheter-ivsges -obtained from typi-
cal stator loss curves indicated that a stage total-pressure ratioc of
1.26 and an efficiency of 0.85 can be expected. This computed drop in
total-pressure ratio and efficiency amounts to approximately 1.0 and 3.0
percent, respectively.

INTRODUCTION

The investigation of transonic rotors, such as repcrted in refer-
ences 1 to 5, indicated that the efficiency of the rotor tip section de-
creases markedly with increased speed. The decrease in efficiency at
the tip section has been attributed to a combination of losses due to
blade loading and shock wave formations. Reference 4 shows that tip sec-
tion losses could be reduced by reducing the blade loading. In refereunce
4 the reduced tip section blade loading was accomplished by tapering the
outer passage inward across the rotor. In so doing, the performance of
two blade tip sections with identical inlet Mach numbers was obtained.
However, the blade-surface relative Mach numbers varied with the change
in the blade tip section camber angle, and with the three-dimensional

flow introduced by the tapered wall contour.

In order to investigate further the effects of blade loading on the
performance of tip sections of transonic rotors, two rotors with the same
inlet conditions and employing similar design technique and limitatiouns
with the exception of blade loading were designed and tested. Double-
circular-arc blade sections were used for both designs so that blade sur-
face Mach numbers varied systematically with blade loading. Both rotors
were designed for a 0.35 hub-tip radius ratio and an equivalent weight
flow of 40 pounds per second per square foot of frontal area. Both
rotors utilized a tapered tip section and constant radial energy addi-
tion. As a measure of blade loading, the design technique makes use of
the diffusion factor, as developed in reference 6. One rotor (ref. 5)
was designed for a 0.35 diffusion factor at the tip and the other rotor
was designed for a 0.20 diffusion factor at the tip.

Complete performance tests were made on both rotors in order to pro-
vide additional information on transonic rotors and to permit a study of
the effect of blade loading and surface Mach number on the losses of the
rotor tip sections. The design and performance of the rotor with the
0.35 tip element diffusion factor is presented in reference 5. The de-
sign and performance of the rotor with a 0.20 diffusion factor and a com-
parison with the rotor with a 0.35 diffusion factor are presented herein.
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Velocity Diagram Calculations

In the design of the compressor inlet stage reported herein, the
following conditions were selected:

(1) A hub-tip radius ratio of 0.35 at the rotor inlet with an inlet
tip diameter of 14 inches

(2) A specific weight flow of 40 pounds per second per square foot
of frontal area with boundary-layer blockage factors at the rotor
inlet and outlet of 0.98 and 0.97, respectively

(3) Rotor inlet tip speed of 1100 feet per second
(4) Rotor chord of 2 inches with a tip solidity of approximately 1.0

(5) Tip taper across the rotor (expressed as a ratio of outlet tip
radius to inlet tip radius)

(6) Rotor tip diffusion factor of approximately 0.20

(7) An average axial velocity ratio of approximately 1.0 across tne
rotor

(8) Radially constant energy addition
(9) No inlet whirl (no guide vanes)

(10) Radially constant value of blade-element relative total-
pressure-loss coefficient

The design parameters of this rctor were the same as those used in
reference 5, except for the tip diffusion factor and the amount of tip
taper across the rotor. The diffusion factor was decreased from 0.35 to
0.20 and the tip taper (rt,Z/rt,l) was changed from 0.97 to 0.98. (All

symbols are defined in appendix A.) The tip taper was changed to 0.98
because of the lower density increase across the low loading blade row.
Inasmuch as the design weight flow, wheel speed, and blockage factors
are the same, the design inlet flow parameters except incidence angle of
the two rotors are the same; however, the difference in diffusion factor
changed the cutlet flow parameters.

The calculation procedure to determine the radial distribution of
rotor outlet axial velocity was the same as that used and discussed in
references 5 and 7. The preceding computations using an assumed efficlency
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of 0.96 Tesultad.in a dssigm-wobor dver-wkk pressure ratio of 1.27 as
compared with 1.51 for the rotor of reference 5. The radial variations
of specific flow parameters are included in table I.

Blade Selection

Double-circular-arc blades with leading and trailing edge radii of
0.010 inch were employed. From strength considerations, the maximum
thickness ratio of the rotor was selected to vary from 8 percent of the
chord at the hub to 5 percent at the tip.

With the design velocity diagrams determined, the blade sections
that would produce the desired velocity diagrams were selected. The de-
sign rules of reference 8 were used to determine the incidence angle,
deviation angle, and camber angle for each blade section.

The resultant values of the rotor blade design configuration and
geometry are presented in table I for the blade sections located along
conical surfaces at 10, 30, 50, 70, and 90 percent of the passage height
from the outer wall.

Rotor Outlet Annulus

For the test of the rotor alone, the annulus at the rotor outlet
(fig. 1(a)) was enlarged at the outer wall to prevent choking downstream
of the rotor. The annulus was gradually enlarged after the rotor ocutlet
measuring station to allow the design value of wall curvature to exist
through the rotor as far as permissible. In this manner the effect of
enlarging the outlet passage minimized the possibility of affecting the
design axial velocity distribution after the rotor.

APPARATUS AND PROCEDURE

The rotor testing facility is shown as a schematic diagram in figure
1(b), with stations 0, 1, and 2 indicating the axial measuring stations.
The compressor installation and instrumentation are the same as in ref-
erence 5, and a detailed discussion can be cobtained from this reference.

The testing procedure included over-all and blade element perform-
ance data points at 70, 80, 90, 100, and 110 percent of design speed.
Inlet pressure was maintained at 20 inches of mercury absolute for all
speeds. Weight flow was varied from the maximum obtainable down to a
value where blade vibrations were encountered, or to a point where the
blade tip section adiabatic efficiency decreased to approximately 70

percent.

o
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In the compuvatiorr of -olade alémenst perforrance paremeters;. the
streamlines were assumed to lie along conical sections connecting points
of equal percentage of the passage height at rotor inlet and outlet. The
major radial positions presented and discussed are at 10, 30, 50, 70, and
90 percent of the passage height and are noted in table I as radial posi-
tions A, B, C, D, and E, respectively. The specific discussion within
this report designates the 10 percent point (radial position A) as the
tip section and the 90 percent point (radial position E) as the hub
section; however, the other radial positions are indicated by their re-
spective letters. The symbols and equations used in computing the rotor
performance are included in appendixes A and B.

RESULTS AND DISCUSSION
Rotor Over-All Performance

The rotor over-all performance is presented in figure 2 in which
mass-averaged total-pressure ratio and adiabatic efficiency are plotted
as a function of the rotor-inlet corrected specific weight flow. The
design total-pressure ratio of 1.27 was obtained at a weight flow of 39.0
pounds per second per square foot of frontal area and at an adiagbatic ef-
ficiency of 0.88. At the design pressure ratio, the specific weight flow
of 39.0 pounds per seccnd was 2.5 percent less than the design value of
40 pounds per second. Peak efficiency at design speed occurred at the
design pressure ratio and was also 0.88. The maximum pressure ratio at-
tained at design speed was 1.33, while the maximum weight flow was 39.2
pounds per second per square foot of frontal area.

The peak values of efficiency, pressure ratio, and weight flow ob-
tained at 110 percent of design speed were 0.85, 1.43, and 40.2, respec-
tively. The peak efficiencies obtained at 70, 80, and 90 percent of de-
sign speed were 0.95, 0.91, and 0.89, respectively.

Flow Parameters

The flow parameters (rotor inlet, rotor outlet, and blade element),
which are used to compare the design and actual flow conditions, are
presented in figures 3 to 5.

The rotor-inlet and -outlet flow parameters are plotted against
their respective radii in figures 3 to 4(c) for 100, 110, and SO percent
of design speed. The various flow parameters are presented for three
values of weight flow at each speed: the near-maximum weight flow, the
near-peak efficiency weight flow, and the lowest weight flow. At design
speed (figs. 3(a) and 4(a)) the design values of the respective flow pa-
rameters are included for comparison purposes. The blade element flow

e
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pa.ramé‘g@i"S.'.e}Ee.ilot%'ed.againat -incidetice .abgle. il figlaeed 5 and are pre-
sented for 70, 80, 90, 100 and 110 percent of design speed. The exten-
sive flow parameter data are presented to provide additional information
on the performance of transonic rotors. The flow parameter curves in
general are self-explanatory and therefore the discussion of them will

be kept to & minimum.

Inlet flow parameters. - The rotor inlet flow parameters of inlet
axial Mach number, inlet relative Mach number, and inlet relative air
angle are presented in figure 3. At design speed (fig. 3(a)) the radial
distribution of inlet axial Mach number is similar to the design distri-
pution but its magnitude is low because the design weight flow of 40
pounds per second per square foot of frontal area was not attained. It
therefore appears that the method employed for calculating the rotor-
inlet axial velocity distribution is quite satisfactory.

Outlet flow parameters. - The rotor-outlet flow parameters of dimen-
sionless work coefficient, adiabatic efficiency, total-pressure ratio,
relative total-pressure loss coefficient, deviation angle, relative out-
let Mach number, absolute outlet Mach number, axial velocity ratio, and
diffusion factor are plotted against rotor outlet radius in figure 4.

At design speed (fig. 4(a)) the design values of the respective flow pa-
rameters are included.

In the design procedure the energy addition (work coefficient) and
the total-pressure loss coefficient were assumed constant over the radial
passage height. As shown in figure 4(&), however, both the energy addi-
tion and the total-pressure loss coefficient increased from the rotor hub
to the rotor tip at the near-pesk-efficiency weight flow. Only at the
maximum weight flow were the design values and distribution of energy
addition and total-pressure loss coefficient nearly obtained. The energy
addition and the total-pressure loss coefficient combine to give the re-
sultant total-pressure ratio and efficiency, as shown in figure 4(a).

Obtaining the design energy addition is primarily a function of ob-
taining the design values of the axial-velocity and blade deviation
angles. The design values of deviation angle (fig. 4(a)) were cbtained
from the design rules of reference 8. The design axial-velocity ratio
(fig. 4(a)) was obtained by the method outlined in references 5 and 7 in
which constant radial values of the total-pressure loss coefficient and
energy addition were assumed.

The deviation angle (fig. 4(a)) was within 2° of the design value
from the mean passage to the rotor tip section. At the hub section, how-
ever, the deviation angle increased to approximately 6° above the design
value. The increase at the hub may be attributed to the low hub-tip
ratio since the design rules were based primarily on rotors having hub-
tip ratios of 0.4 and higher. Of the 17 rotors used in reference 8 to

formulate the design rule, only one rotor had a hub-tip ratio as low as

0.4.
— §
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The axial-velocity: ratiol{figs 4(3))" varted-from the d>sigr condi-
tion primarily because the conditions of constant angular momentum (or
constant energy addition since inlet whirl was zero) and constant total-
pressure loss coefficient were not as was assumed. Although the design
method employed for calculating the inlet and the outlet axial-velocity
distribution were the same, the method was only satisfactory at the in-
let where the assumed design conditions of coustant angular momentum and
constant total-pressure loss coefficient were obtained.

The rotor flow parameters for 90 and 110 percent of design speeds are
presented in figures 4(b) and (c). The radial distribution of these flow
parameters in general did not differ from the design speed radial distri-
bution, but varied in level as would be expected for the change in rotor
speed.

Blade element performance. - The blade element performance parameters
(deviation angle, relative total-pressure loss coefficient, relative in-
let Mach number, diffusion factor, axial velocity ratio, efficiency, and
dimensionless work coefficient) are presented in figure o as a function
of the incidence angle. The data are presented at the five radial posi-
tions (A, B, C, D, E, see tsble I) for 70, 80, 90, 100, and 110 percent
of design speed. The extensive plade element data are presented to fur-
ther supplement the published data on transonic rotor blade performance.

COMPARISON OF LOSS COEFFICIENTS

The variation of rotor tip relative total-pressure loss coefficient
and the calculated shock loss coefficlent with inlet relative Mach number
for the near-peak-efficiency weight flow points at 90, 100, and 110 per-
cent of design speed are presented in figure 6. Similar data points for
the rotor of reference 5 are also plotted to form a comparison of losses
between the two rotors. The computed shock loss coefficient was obtained
using the method outlined in reference 9.

The loss coefficients for this rotor (fig. 6) were noticeably lower
than those for the rotor with a diffusion factor of 0.35. With the same
inlet relative Mach number for the two rotors, the lower canber angle of
the lower loaded rotor limits the expansion and acceleration of the flow,
thereby decreasing the blade suction surface Mach number and decreasing
the shock loss.

As shown in figure 6, the shock loss (as computed) is the major por-
tion of “he total loss. In general, the profile loss remained relatively
constant and the shock loss increased sharply as Mach number was increased.
For a given inlet relative Mach nurber at peak efficiency flow (fig. 6),
it appears that the loss coefficient is primarily a function of shock
losses, oecause the profile losses are only a small percentage of the
total losses.
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A comparison of rotor performance is presented in figure 7 in which
adiabatic efficiency, total-pressure ratio, and flow range are plotted
against the percentage of design speed. The efficiency and pressure
ratio points were selected at the near-maximum-efficiency weight flow
points at their respective speeds. The flow range is presented as per-
centage of maximum weight flow; however, it should be recalled the mini-
mum weight flow defined herein is the point where blade vibrations were
encountered or tip element efficiency dropped to 0.70, whichever occurred
first.

As shown in figure 11, the peak efficiency of the rotor with s 0.35
diffusion factor was greater than the peak efficiency of the rotor with
a8 0.20 diffusion factor at all speeds except for the condition of 110 per-
cent of design speed. Although the loss factor of the rotor with a 0.35
diffusion factor increased with diffusion factor for a given inlet rela-
tive Mach number (fig. 6), the energy addition also increased. Since ef-
ficiency is a function of the total-pressure loss coefficient and the
energy addition, the net result was an increase in efficiency. Obviously,
the pressure ratioc for the rotor with a 0.35 diffusion factor was higher
because of the combination of higher loading and better efficiency.

From the viewpoint of off-design operation of multistage units and
also of inlet flow distortions, the range parameter is of interest. As
mentioned previously, sufficient data were not obtained to provide true
and accurate values of flow range parameter from which a conclusive com-
parison could be made. However, the range parameter presented in figure
7 indicates that the lightly loaded rotor at high speeds has a greater
range of flow; but at the slow speeds this advantage is almost negligible.

Although stators were not used in conjunction with the rotor with a
0.2 diffusion tactor, their performance was estimated so that a compari-
son of the over-all stage performances of the two inlet stages could be
made. In reference 10, it is shown that at design speed the stator blades
for the rotor with a 0.35 diffusion factor decreased the rotor efficiency
S5 percent and the total-pressure ratio 3 percent. Primarily because of
the reduced Mach numbers at the rotor outlet, it was estimated that under
ideal conditions the stator blades for the rotor with a 0.20 diffusion
factor at design speed would reduce the rotor efficiency 3 percent and the
total-pressure ratio 1 percent. In comparing the over-all stage perform-
ance of the rotor with a 0.35 diffusion factor with the estimated over-all
stage performance of the rotor with a 0.2 diffusion factor for peak effi-
ciency at design speed, the efficiencies were equal at 0.85, whereas the
total-pressure ratio of the highly loaded rotor was 1.45 compared with
1.26 for the lower loaded rotor.
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In view of “bhe- previchs: comparasons Lt .dppiars thai,tﬁgdmér@:highly
loaded rotor of reference 5 is more desirable because of a higher total-
pressure ratio, with the efficiency and the weight flow range of the two
rotors equivalent. Also, of great concern from the staadpoint of weight
and production is that the more highly loaded rotor could possibly mean

thz elimination of a stage from a compressor.

SUMMARY OF RESULTS

The results obtained from the experimental investigation of the 0.35
hub-tip radius ratio rotor with a design tip diffusion factor of 0.20 are
as follows:

1. At the design corrected tip speed of 1100 feet per second, the
design total-pressure ratio of 1.27 was attained at a corrected specific
weight flow of 39.0 pounds per second per square foot of frontal area
with an adlabatic temperature-rise efficiency of 0.88. The maximum
weight flow and pressure ratio attained at design speed were 39.2 pounds
per second per sguare foot of frontal area and 1.33, respectively.

2. The peak values of efficiency, pressure ratio, and weight flow
attained at 110 percent of design speed were 0.85, 1.43, and 40.2, re-
spectively. The peak efficiencies attained at 70, 80, and 90 percent of
design speed were 0.95, 0.91, and 0.89, respectively.

3. The blade element performance parameters indicated that:

(a) The method employed for determining the axial velocity distri-
butions, which assumes constant energy addition and constant en-
tropy across the passage, was satisfactory at the rotor inlet but
was not satisfactory at the rotor outlet where the assumed design
conditions were not obtained.

(b) The deviation angle at the rotor hub was as much as 6° greater
than the value predicted by the design rules and at all other ra-
dial blade positions the agreement was within 20,

(¢) The assumed radially constant relative total-pressure loss co-
efficient and energy addition were obtained only at the maximunm
weight flow condition.

4. At pealk efficiency flow a comparison of the loss coefficients at
the tip section indicates that the loss coefficient is primarily a func-
tion of the shock losses since the profile losses are only a small per-
centage of the total losszs.
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8° Jeve apron-angle ,: aﬁgl‘e' e waeen: outrate et dfrettitn and tangent
to mean camber line at trailing edge, deg

.
-

n adiabatic efficiency
6 ratio of total temperature to NACA standard sea-level temperature
of 518.7° R
P flow density, 1b/cu ft
o] solidity
o blade camber angle, deg
w relative total pressure loss coefficient
Subscripts:
h hub
i ideal
R rotor
S shock
sl sea level
t tip
v constant volume
Z axial direction
1 rotor inlet
2 rotor outlet
Superscript:
! relative
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EQUATIONS FOR THE BLADE ELEMENT AND OVER-ALL PERFORMANCE
Over-All Performance
Mass-averaged temperature-rise adiabatic efficiency:
r r-i
t,2 Y
P2
Ty oV, 2 2 (5 - L,
T
h,2
n = - (1)
t,2
A pzvz,zrz(Tz - Ty)dr,
h,2
Mass-averaged total-pressure ratio:
(. -1 N
t,2 T Y—l
Pz
: PaVz,2%2|\F] - 1)y
P n,? .
-P—2 - + 1.0 (2)
1 Tt,2
P2V, 2T2dr2
Th,2
- J
Rotor Blade Element
Blade element temperature-rise adiabatic efficiency:
r-i
P2 Y
—-— -1
i (3)
= —t—— 3
n T,
/7 - 1
T
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where

Pl s

1

‘r‘—
.\

1+ r_%_i Méz [} - (_l):] = 1

T2

for a given rotor design and Mﬁ is the wheel rotational Mach number

(outlet wheel tangential velocity divided by inlet relative stagnation
velocity of sound).

Dimensionless work coefficient :

T2
JngTsZ TI -1

& - (5)
ué 2
t Uy
46
Diffusion factor:
VAV, - Ve
D=1 gr )+ (6)
1 1



 ai 15

Do .RERPRENGES ... . R

‘
«

£ 00
«
«

Schwenk, Francis C., Lieblein, Seymour, and Lewis, George W., Jr.:
Experimental Investigation of an Axial-Flow Compressor Inlet Stage
Operating at Transonic Relative Inlet Mach Numbers. III - Blade-
Row Performance of Stage with Transonic Rotor and Subsonic Stator
at Corrected Tip Speeds of 800 and 1000 Feet per Second. NACA

RM E53GL7, 1953.

. Lewis, George, W., Jr., Schwenk, Francis C., and Serovy, George K.:

Experimental Investigation of a Transonic Axial-Flow-Compressor
Rotor with Double-Circular-Arc Air Foil Blade Sections. I - Design,
Over-All Performance, and Stall Characteristics. NACA RM ES3LzZ1la,

1954.

Montgomery, John C., and Glaser, Frederick W.: Experimental Investi-
gation of a 0.4 Hub-Tip Diameter Ratio Axial-Flow Compressor Inlet
Stage at Transonic Inlet Relative Mach Numbers. II - Stage and
Blade-Element Performance. NACA RM E54I29, 1955.

Montgomery, John C., and Glaser, Frederick: Experimental Investiga-
tion of a 0.4 Hub-Tip Diameter Ratio Axial-Flow Compressor Inlet
Stage at Transonic Inlet Relative Mach Numbers. IIT - Effect of
Tip Taper on Over-All and Blade-Element Performance. NACA RM
ES5L09, 1956.

Montgomery, John C., and Yasaki, Paul T.: Design and Experimental
Performance of a 0.35 Hub-Tip Radius Ratio Transonic Axial-Flow-
Compressor Rotor Designed for 40 Pounds per Second per Unit Frontal
Area. NACA RM E58D17, 1958,

Lieblein, Seymour, Schwenk, Francis C., and Broderick, Robert L.:
Diffusion Factor for Estimating Losses and Limiting Blade Loadings
in Axial-Flow-Compressor Blade Elements. NACA RM ES53DOL, 1953.

Hatch James E., Giamati, Charles C., and Jackson, Robert J.: Appli-
cation of Radial-Equilibrium Condition to Axial-Flow Turbomachine
Design Including Consideration of Change of Entropy with Radius
Downstream of Blade Row. NACA RM ES4AZ0, 1954.

Robbins, William H., Jackson, Robert J., and Lieblein, Seymour:
Blade-Element Flow in Annular Cascades. Ch. VII of Aerodynamic De-
sign of Axial-Flow Compressors, vol. II. NACA RM E56BC3a, 1956.



9. éqb%eﬁkz EiamiﬁiCK, Ié&ié,-ceb?éé-W:; and. ﬁar%mémﬂ, Melvin J.: A
Preliminary Analysis of the Magnitude of Shock Losses in Transonic
NACA RM ES5TA30, 1957.

eww WWEW wew SBPWE wew wv
- - - - - -
- - -

Compressors.

1C. Cullom, Richard R., Montgomery, John C., and Yasaki, Paul T.: Experi-
mental Performance of a 0.35 Hub-Tip Radius Ratio Transonic Axial-

Flow Compressor Stage Designed for 40 Pounds per Second per Unit
Frontal Area. NACA RM E58D0O4a, 1958.



17

Rl
ﬁ 1% 6°6 e 608" ¢ at [SA% 296" 1 LLO" 6°6 8°1¢ 85" ¢ 16°¢ 0€ et
» »
I
yogte L6 008- cve” z°L tee” LG T TLO® ¢ 1e 0°LE Ie°7% ¢R* g oL a
» »
370 "6 vaLs 650" T 0'c ¥e” 70¢° T S90° S 1I¢ |8°T¥ $0°S8 SL¥ 0S J
\ »
oo gL vaL: 6T 1 = 1¢e” LTT' T 650" 2" 8¢ 6° 9% LL™S L9°g 0¢ g
2% LS 0080 A/ ¢ 8020 9L6°0 £G50°0 A4 ¢ cs 08" 9 659 ot v
) ~. » 3~ nw
. T g2 kmn jusoaad
Zop Fop n i Fop o/1 g ‘g ‘ITEM
e ‘1 fIsquinu fIaqunu ‘d q ‘o11EBa ‘o13ue f315ue *uT TUT Ja4n0
f37due | fa1fun OB JoBp faTTur | faosoed 0 ggau ate pass g ¢Ta wouag
J ot 30UBp 15T73N0 33TUT J90WBD uoTs ‘AT ~30T43 1373N0 JaTuT fSniped | ‘snipBd sustey |ucilisod
=TS0 | -Toul | 93inTosqy | 2ATIRTSY 2peld ~nIJTq | -PTIOE SPETG | 9ATIRI2Y | 2AT3BISY 3213110 397Ul afessed awﬂvmm\;

AMIAWOHAL ANV SHNIVA NDICHC AAVTId HOLOY -~

"I dTEY L



18

*UOTQABTTBASUT J08SaxdWod JO WeISBIP JTRBWRUDQ - T 2andTg

‘snTnuUuUeR 3973N0-JI030Y va

sesv =

1030y

T UoT1Bls JUTJINSBIW TBIXY




19

*UOT3BITRISUT J0SSeadmos Jo WeIFBTP OT3BWAYDS -papnlouoc) - °*T oInd1Jg

*£11TT08F Burysen Io3oy (q)

\

o

SATBA 38NBYXT

Joq0m
Louanbaay
8TqBTIBA

A

xo0q hdooxl\\

J03.09TT0D

‘ 4
¥
m i
*
"
, y
W '
0 yusy
i " aotssaxdaq
) 3"
N
0 suor3msg
ATBA pmHﬂHll\\
c—p )




20

1A

Adlatat

2/Py

I3

re ratio,

-Lressu

[on

ce+ Swee Bmew weemw vew wew [ .- R : -
AT T TS LA -
.'.: ceew -:I - weww LA J - - - weww - » - L}
I}
/r/ N
a?’//’ \ ay
/ = L FTTO L«
/’/// ///// ////c ///’A ,,/41 é
5 <+ A o
2 D///’r d
o—qd
4 Speed, ~\\\\
percent deslgn
(o] 110
a] 100
O 30 ,___aH
5 > 50 id 0
- < 70 T
¥ o
Design
X cint
2 > N &
[ ————y
D \O
]
<P———~_____-§~} ‘\1§\\s
P-~\\~\‘
1 ~,5\\\\\
™
S e a8 30 37 54 36 30 40 iz
Corrected specific welght flow, Wlw/gf751AF’ 1b/(sec)(sq ft)
Wigure ¢ - M averaged over-all performance of rotor with a 0.35 hub-tip radlius ratio




r angle,

4

Inlet relative a

Inlet relative Mach number,

Inlet axial Mach number,

M
1

1

Mz,

20

1.4

—
O

[e)]

/
/’O/ 1
o ]
f N _,Lr/ -_
/ ‘//‘ —
< o
N [ ¥ //
/ — ] -
88— ]
—
T T T T I
Corrected specific
weight flow,
W1+/6/54p,
1b/(sec)(sq ft) s
P
o 39,70 Eg b
0 39.04 — ]
e 34.03 -
. = ﬂ/
—_— Design
r
7 ,(I/

/4
A
]

//
rd //////

/

/u-
A

///Q'/

o \_\\
a’/ ) —~d
- —— . © Yo T
o3
Ei ,——<>—"'—'-__-<> [ ——
/AO/
sl
3 4 5] 7
Inlet radius, in.
(a) Design speed.
Figure 3. - Radial variation of inlet flow parameters at

various speeds.

v

2l



22

O IS4 R I S ey S Epen USRS
(-t;.g... oS w - - - W
; Az‘;(}o
“:ig 50 A// a
RS
L= ,ff”'
3 /0’//0/
& 2 o =
v %/
'_l
S 30
1.4
o 1.2 /9'0:0
2
g //
=} P »
v-—~ 1.0 /,/’/// A,//
B / Pl
)
% 1////’ Corrected specific ___ |
H //O/ weight flow,
o W, +/8/5A
g jos 1 T
G - // 1v/(sec)(sq £t) —
7, ,
o 40.08 |
> O 36.77
.6
.9
o
P
g
o N _
§ . 19‘/
g »;.' 7 7 B
?;2
= 3@ ot |
g — . <><g%
© <gf9‘>
Q
? .
H .52 3 . : .

Figure 3. - Continued.
parameters at various speeds.

Inlet radius, in.

(b) 110 Percent of design speed.

E—

Radial variation of inlet flow



Inlet relative Mach number, Inlet relative air angle,

Inlet axial Mach number,

B, deg

!

51

S A [ ‘]' I. .]T.'—.':WT. T L
Corrected specific
welght flow,
Wy ~/6/8Ag,
70 1b/(sec)(sq ft)
o] 37.30
0 36.90 O
O 31.27 ””“’<>”‘=E‘==Ja£§j§
50 ”’,,,——‘9’, =
< __i?""=“ﬂ
’,,/’
20
1.1
;ﬁé/ﬁtfs
: / //
- A
///17”””4,/<>////////
4 // ,\//
e
.5
.8
6 4—§?‘__==== — 7= fﬁgﬁi
ol k
0‘/ : - ©
.4 A\ %
2 3 4 S 6 7

Figure 3. - Concluded.

Inlet radius, in.

{c¢) 90 Percent of design speed.

parameters at various speeds.

Radial variation of inlet flow



[\V]
™~

1o, PQ/PI

Total-pressure rat

m

n

Adiabatic effilciency,

z
T

work coefficient, AH/U

—

av)

speeds.

< 2 - - Lol T Tt . . = - =
e -T-_} i?d—svj = - .. - W-v- ...I - ].- 1- 7 I
Corrected specific
welght flow, ]
/o/———‘ w\ a W1+/9/BAp,
P 1b/(sec)(sq ft)
-_—— I " o] 39.20
p/‘"‘/nr'/:—--——————c_- o 39.04
H < 34.03 |
c/ \(3‘? —_ Deslgn
18
k/ \ Q 1
Ao N ~ O 14
N ° s
NS -
NI °
10
\(\ \ o 8 ol
0
s
o o
: \
l_) 8]
N
R\ ¢
o ~N
O a ™ N
o X} \\b\ /(
2 ~
=~ Lot
\\ b E
-2
.4
a i3
8 . a
+7 7
¥
[+
A 3
wt
G
At
@
3
& |
2
/(// g /
: ol
D 5
P o—] ;: g =
B e A g 0 \ /5
- T e = .
il R ) ]
[em 3 % N [e]
4 5 [ 7 0] 4 S 6 7
Cutlet radius, in.
(a) Design speed.
“irture 4. - Hadlal variation of blade element and rotor outlet performance at various



* -

L]
O
«
«

€t

T T 1T 7

Corrected specific

welght flow,
wlx/é/ﬁAF-
1b/(sec)(sg rt)

39.20
29.04

z,1

oo

34.03

VZ,2

t\\\x Jj _ Les i

o

Axlal veloclty ratto,

77
/

nuTher
number,

s/
e

/;/
e A //
%

Macn
A

N
AN

@

\
\
ive cutle

I

Rela

Mo

BT R,

=

Absolute outlet Mach number,

/
/

ool ok
N,

o

40

LOT, o

"oy

\
\

R

of D//o/8

8o, deg

N e (N N 7% -3 2 D 3
= . 0 =

/

;4
L
®
\

bsclute outlet alr angle,

n

A

¢l

4 3] [ 7 3 4 H '
Ouilet radius, in.

(a) Conrluded. lentyn vpeod

Flgure 4. - Dontinued. Radlal variaticr of olade cle~cnl amd rotor outled cepsoape

-



26

Total-pressure ratio, P2/Pl

n

Adiabatic efficiency,

2
t

Work coefficlent, AH/U

no

4
LS
]
LIS I
4

T T 1 ]
Corrected speclific
welght flow, ]
// 3 W, +/8/65,
1b/{sec)(sq ft) -—
A 1’/’:‘___—-{1~ oW 8 igigé _
/ 4 TJ? o 36.77
g L — G\\t
1’/‘7‘ Py
L 20
18] @
TR
1<§z>—_-'*\> g E
N £, 62%\
// §:::\§Q\ gl §k§\
) : \
Iy \
5| D
) 1 :
) Zf ) \ﬁi
3 0 |
.4 o]
i3
AR °
“
.3 /C/ § 2 )
/,o/ | ST P
— -l
//XV/ " fI?’ 5o kéb "ﬁij ’:::ﬁ
A("’,(y‘ S \k;?\\\_ 5;7 ;::
= <Q‘2 =
1 0 —
: 4 5} 2] 7 2 4 S & 7
outlet radlus, In.
(p) 110 Percent of design speed.
Figure 4. - Continued. Radial variation of olade element and rotor-cutlel performance.



27

P

D
A\
i "t
m ! L]
¥ AW | )
. ~ ooo // Mf \M Mx\
: e Y L
. & 0P o
."- | “x .ﬁmm TR iiTg 1&..\1.[ Hw‘ LioeTEn TEI¥
.w | ¢ 0\01‘0 10 o _ lo—T1<

.——\\

ul

;)————-O———-"Qo

——T 04—

I
\3\*_/{ )

7

T

L

\gco—r_/‘

_ X
.— _ nvDNMv q DD. &T AP!IIIIMYIILG MMHAV
o @ S - —
. 7 « o m m& % m 2 - ql ° .
— — ~
N -
W ‘Jaqunu yoeW 33T4N0 a4ntosqay 3sp Cg ‘31FuB J1B 1973N0 53n{0SqQY 74 fdaunu qoEN 3573100 SATIE(AA

Outle s

Tur

ST

deer

of

nt

110 bopor

Toneluded.,

RTINS

siom of blade ol

variazn

Kadial

Tontinued,

4, -
apeods,

Flpure

variouns



28

<1
3

ent

efficl

Wora

i

Fleure 4. - Continued.
vaploun speeds.

: E o 5 .: . c e e T oWIT
e R TT AT T F T P
| £
1 v
- /
I D % é 3 5////
BN ’g AL
e s 4 d
! » 4
o e S mD L: rOCO/ 3'/
CY — 3____._D~>€>\A ¢ . l/t(
; o /ﬁ’/
0 0(§(
ol .
W o ‘
oo g ~ | 12
SRR TS
N
NG E:
o \
\ NN :
\ N f
[ Q \ \IQI?
\ il
- ,
)3
e .4
13 g
e 4
e o
ol ] PR | /f/ b
& <o v b
'JE Y i K 4 o 5

Dutlet radlus, in.
{c) 90 Percent of design speed.

wadtal variatlion of blade element and rotor outlet performarce at

——



Tl S ° * . - .
- - - o o e tew O . N
1.9 - - - ,
[ - . N EN R T e -~ vew e = |~
1.4 Q
N
i
N
SN y 7
= \
° o
L
= 1.2 //
= K \\ e
g A )
21 N ™~
: N
3
el L{\
\ J_// A‘ Corrected specifinc
1. ielght flow,
i S b
[ 1t/ {sec){sg rt)
(o 130
o
9 <
.Q
=
& il
é .\_0//0,
el
g
=
o 7 ﬁ_
% X b _/cr’/
ja)
’ Fo——o ]
5 _-__"D“--.Q
2 .6 P~
2 N
&
=)

w

50 LB
)
@
- s
a 40| P - -4
) % ¢ /D/’O’
] s
g o] ; o //43———‘——0
5 30 =g - 2 7
o 0 e
% - = = S éb
2 o o
8 b« T m | © pd ol
g 20 ikl 0 6
3 o
!
=

10 -5
3 4 & € 7 3 4 S £
Outlet radius, In.

(c) Corcluded. 90 Percent of deslpgn speed.

Figure 4. - Corncluded. radial variation of blade element and rotor outlet perfarmanoe.




- eweww =

-

30

~e

o

QUsTRTIIS00 8807 sdnsssad-Teac

I I I
- = T &
i L P~ ﬂ\/ N
[ w
tod AN 13 1\ T :
mwmw ® ogooo ~ N /Aﬂ Mk ~
RS \v ) &
a7 & o ’
g o4 J Lo
MA / xn
g o H Roh
oodAavw pr—" i 7,3
P <
7 o !
Mu_ O 3 (e A". A I‘W a4 ‘.u (o] Kw A” 3,“, O
Fap ‘.8 ‘sTue UcT3ETA3Q MP>?~.uceﬂoﬂuLLOm Aaom (1 fa030®v UoIsSNGITd
o 1\1\!b W =
/ & \\.\\.\.\\ & kvl
e AL P »\ [ ]
RIS ek IS
B\ e § Py
Sl s I SVIE,
mt\th ol
L1/ /
y v 7 ’
E “ - © E g : g R . ; =
H~N>\mxm> ‘07184 K3T0CT3A TBIXY ME CIBGUNL UBY AETUT SATIBTIM

i, deg

s

LE

dngle of inciden

S4 1inches.

i A; radius, 4

sitiao

Radial p

(a)

- Rotor blade element data.

Flgure 5.



Efficiency, n

b1

Corrected tip speed,
Ut/W/EJ N

ft/sec

1210

1100 (Design)
990
880
770

1.0

5 /5\0
S

R
\

A4
6 10 14 18
Angle of incidence, 1, deg

(a) Concluded. Radial position Aj; radius, 6.54
inches.

Figure 5. - Continued. Rotor blade element data.

ey

31



. E <
b —t
: 5 s i
RN w. % ) > A/
" —l.m.ﬂxc OMV\ =3 15 /
L - 5 28888 o
NN N ® e AK\ .
EEER] IMUth — - d = N o —
» .
» me m
IEEE N @ co@
[ s w jol
rre 5 @
N © 5 %
-. . /] - ot W
LA e 0 —E
oogo s o
sere v ? d/ -

4
degr
c

>

1t

[
ol
P
(3 | - 3 Q
" o ™ 53] ™~ o o i ] J — [SI RS
[ ! o @ O
- oy i 2
. 4 =
’ Fap ‘.0 N < m
' it AousToTIIg ‘373ue UOTIRTASQ SO/HT C3USTOTIIS00 HIOM g oo .
’ . ~ O o o}
k5 Ll @
] L. I S
» o] - ol
' A A « & 3
» Y2\ —~ o C
hi [e]
jol r— o
] " » 9 % MV \ O - 2 '
c w—
' &3 m \ N ™ G y \ - T
2]
! A WY 7 .
. » — ©
LI ) f / o 191
' o3
et
1] [] aY) e N
—

-
-
A4

D y N A
\ )

0]
e
1
1
ja
T

b

<

@ ‘3usToTIJe00 1z, 2z 1 i ‘
D.LOuomw:onsuMﬂn mmoampsmmmpa|HMpop /' w“oauMthﬂooaw>aaHx< Jlh fdaqunu Yorg 32TUT 2AT1EISEd

32



“eo

33

ONE

—

0
!6

VD F L Av A \
X “Ee N
_ v v <
- = - - e
5 § e L
1 I\ | WL | NJ DEEPE
v ) g N
\ N yiriinin
79 O
A 2l a4 s
R i A i
N | T/
N T v 4\\«



_ ~ _ <l
_ % & ¥4 A v
w n
4 : \ /> q .M
1% =
‘—su_ DAmVJC ~ ONJ o ©
=<5 0 09000 2 of v 3 -
RS t/ﬁn« NM%%W % 2
» mﬁwuﬁ — @]
.fuﬂ., bt ’ 0 O% “_ O
@
LI B ] =
"
s N S A Fa o -
* » o
--."” ODAVDQ ﬂ M ™
1]
' L1 N / ,
eviy =] B Bl & © <& o e ol o
i ’ = ~— :
L]
[ I I ]
. . { “LousTorTiid Fap ‘.3 ‘aT8ue uciamind(d w:\zq foU3T0TJI000 NJOM
' i
. , e
' b Y
I I u NN "
»
AR hw% Y/ ////\VJ \\ﬂ .& 2
d D A / ;‘n =
--" ' /m ONU \\
»
. » _,D / [ o \.\nu\g ml K \
e > & Rm,“n“\/ o
' A \D\\.\ N gl
N——a A" y
» »
) > N
LI 2 [o8])
’ <+ o [ - =} NI o -t o o o @ © <
.- — — i — ’ — ’ ’
® “3UaTOTJI00
s807 aanssaad . e
G ‘a1030B] UOTSNITIC ~Te30L T N>\o 2, foT3ea R3To0Tan TBRIXY Hz ‘asqunu yoey 38TUf 8ATIBISE

0]

deg

>

1

)

incidens

off

anle

(d) Radial pusiticn D; radius, 3.82 Inches.

Rotor blade element data.

- Contlnued.

S

c.

Plyure



-

€4

L0

<4

AyODo

L0

i
9

]/

{

Y
0~ ¥
—
°9
4
7

[

9

o A2

~o
D
—
D\“"\
~

()

A

«

Radlal poelt bae =y

S laded, woator tlade c ]t ot

I o 1 B S

Areie of Avaotdenne, 1, gy

35



-posds ugdtssap Jo jusdxad QTT puB ‘00T
‘o8 2® saurod MOTJI 4USToM KouaToTJIo-yeod~-T8aU JOJ UOTI08s dT3 J030X 18 sSI3qUMU YIBW
q9TUT SAT3BTOI YGTM S3USTOTJIS0D §SOT MOOUS pue aanssaxd-18703 JO TWOFYBTIBA - 9 2anITJ

' Ty ‘azoqumu yomy 49TUT 9ATIBTSY
brve ¢ T 02T 92" T 22" T 8T T FT°T OT'T 0

- "
. " \ I, 1 |||-\|\
. \ ’ —
: — Mm —— g T
. \\.\\q\\\ \\\\ \\l\
. oo _ _+
-
4 - bagl
» \\\L\\ \D\DA“\
; 4~ T oz’ —— 5
o _— = (s *399) s2°0 —_—
: \\\\ J0908B7
” - uoTsnNIITo
~ < I0304
. 06 ¢ e
" 00T | a ¢
: OTT ® o]
: v o
” ugTsap
JO queoxad
‘poadg

[39]
[1p]

QUSTOTJJO00 SSOT



P AR

- -
Pl

S I AU SR T I B T
T Rotor diffusion factor
- 1.0 o} 0.20 —
> 0 .35 (Ref. 5)
- \ s
Q
b3 g \\\\\;
9 -
2 X
g \t\
§ ~Nh

\,

Total-pressure ratio, P,/P,

— —

0]
70 80 90 100 110
Speed, percent of design

]
1o
y
=~
B E R —— ~—
2 A iy S
2

Figure 7. - Comparison of performance at peak effi-
ciency weight flow points between rotor with
0.20 diffusion factor and rotor with 0.35 diffu-
sion factor (ref. 5).

™

NASA - Langley Field, Va. F-237

37



- cew vww -
- ® = -

- vw - .

- - woen s

- - . veew ® -

e

146



TVILNIAIANOD

VSVN

y oy

uojdurysep ‘VSYN wodlj ajqeuieiqo sajdo)

-£0Ua101JI0 jJuareatnba pue ones aanssaxd Jaydiy e Jo
98NEBD3aq JOJ0J ITGeIISIP J0W € SIIJJO FUIpPeO] IPERIq
Jay31Y Y} 83)EdTpuUl SI0}0I JO uosyredwod ayy], ‘JI0j0JI
papeoy .bnwE aI0wW ng pauldisap ATJIE[IWIS B Yim UoS
-1qwdwod € 08Te pue pajussard ale S§3980[ JOOUS 10301
uo UOISSNISIP B Y4 douewrIojrad juawa(s aperq pue
‘gourwaojrad xojox ‘uldsap ayJ -paisa} pue psudissp
sem SUIPRO] apelq MO[ I J0}OJ MO[J-d1f1oads-y3ry e
‘10}0J DTUOSUEBJ} B JO #0UBWJIONISd 9y} UO I0}0€] UOTS
-nJp uSISap MOl B Jo 103)J8 aY) JUTW.IA}AP 0} IIPI0 U]
(poyzrsseroun ‘enItL)
TVIINATIINOD
(98-X WNANVHOWIIW TVOINHOAL YSVN)
‘qe} ‘saderp 'dug "6g8T Jequeidas - Aramoljuo

TVILNIJIINOD

VSVN

uojBurysem ‘VSYN woJj 3[qeureiqo saydod

+£0ua101J39 juaTeaInba pue orjed aanssaxd 1ay31y B JO
98NEBOaq J0}0I ITYBIISIP dI0U © SIJJ0 JutpeOl 3pelq
J3y81y 1By} 831BOIPUT SI0JOI JO UOSTIRdWOD YL " J0}0I
papeol ATy31y aJow jng paudsop A[IBTIWIS € YA uos
-1redwod € OS[E pue pajuasatd ae §3SS0T HOOUS J0I0I
UOo UOISSNOSIP € Y4 aduemwIolIad JUaWS[d IpRIY pue
‘spurwzojrad 10301 ‘uStsap syl Ppa3se) pue pauldisap
sem JuIprEO 9pBIq MO] UII4 J0JOI MOTy-d1moads-ysy e
¢10j01 2TUOSUBI} € JO @duBwWIO}Iad 3y} UO 10308} UOIS
-njyp uS18ap MOT B JO 309318 9y} 9UIWISIBP 0} ISPIO uxl
(parpIsseroun ‘amtL)
TVIINIQIANOD
(98-X WNANVHOWANW TVIINHOHL VSVN)
-qey “sxderp -dpg "6Ge1 Iequeidas ArswoSjuop

P I

TVLINAAIINOD

»Pe

‘UOTIRIISIUTWIPY 90edS puUER SOTINBUOIAY TBUOTIEN
98-X WL VSVN

TVILNIAIINOD

omwx JUL VSYN "III ‘O uyop pue yesex ‘L Med 020 40 HOLOVA 99-X L VSVN ‘I -D uyop pue (yeseX ‘I med ‘020 JO HOLOVA
'O ugor SAs wz.bmﬁoﬁ ‘I NOISNJ AId dLL NOISHd V HLIM LOOJ TUVADS ¥dd ‘D wyop ‘ArawoBjuolN ‘I NOISNJIJIA dIL NDISIQ V HLIM LOOJ FUVNDS Had
"L (Weq' 1TAeseX I ANODIS 434 SANNOd 0% Y04 QANDISHIA HOLOH *1 1ned ‘resex I ANODJAS ¥dd SANNOd 0% HOd QANDISIA YOLOY
(T'1°9°¢) » mord MOTA TVIXV DINOSNVYL OLLVY SAIAVH JLL (1°1°9°¢) Mord MOTA TVIXV DINOSNVHL OLLVY SNIAvy dIL
-Te1xy - jJoBsdrdwo)n 1 -d0H §§°0 V 30 NOLLVOLLSIANI TVINIWIHAIXE -Texy - syossaxdwo) T -€gNH 680 V JO NOLLVOILSTANI TVINIWTHAIXA
‘uopjeISTUTIPY 39ed§ pue S8ITINBUCIIY [BUOTIEN ‘uoTIR}STUTHIPY 99ed§ pue S8OTINEBUOI3Y [BUOTIEN
TV ,rﬂh:hzoo 98-X WL VSVN TVILLNIAIANOD 98-X WL VSVN
TVLLNFOTANOD uolBuTySEM ‘VEVN wWolj ajqeureiqo saydod TVILNIAIINOD uoyBurysem ‘VSYN Wodj a[qeureiqo s31dod
VSN -£Juator3ye juaTeAmba pue onjel amssaad Jeydiy e Jo VSVN - £ouatoyy1e jJusTRAINDS pue opel sunsssad 19ySIy € JO
v 28NEIaQ 1010 ITYRIISIP FTO0W ® S19JJ0 Jurpeo] apElq 28NEBDaq JOJOJ STQRIISIp sI0wW ¥ 81370 Surpeo sperq
, I3Y31Y Jey) §3)1eD1pul SI0J0I JO uostredwod ayy - JI0j0x Jay31y ey} 893ed1pul 8J0}0I JOo uosyredwod 9y] 'JI0j0l
, papeo[ ATySiy atouwr jng pausisap A[IE[TWIS € YA UOS papeor ATyS1y aJow jng pauSigsp A[Ie[IUIIS B YIIA UOS
v -1redwod 8 OS[E pue pajussard are SaSLO[ JOOUS I030X -1reduwros B 0S[e pue pajuesard are g98801 HOOUS 10301
. ) UO UOISSNOSIP B YA 3dUrwI0)1ad JUaWaTa apelq pue UO UOTSSNISIP B YA 3duewyolrad jusuwrala apeiq pue
R ‘sourmrroyrad 1ojox ‘udisop YL ‘pI3ISa) pue paudisap ‘ooueurxojrad xojox ‘udisap ayl, paisa) pue paudisop
» ’ sem Suipeo] 9pe(q MO0l YA I0)0I MOTJ-O1f1dads-yBTy e sem Jurpeoy ape[q MO Y4 J0JOI MOTJ-o1fioads-ysiy e
RN ‘I0j0J DJUOSUEI} B JO ddurmIo)Iad Ay} UO J030B] UOTS 1004 JJUOSUE} € JO 2dUBWIONId Y} UO I0}O€J UOTS
, -NJHIp UBISap MO[ B JO 30833 9} SUWIIDP 0} JIPIO U] ~-nIAp ud1sap MOT B JO 103J39 Y} SUTWIISIBP 0} IIPJIO U -
; (papisseroufl ‘aTILL) (permIssEIOUN ‘BTILL)
v ra ey TVILNIAIANOD TVIINIQIINOD
., (98-X WAANVHOWIW TVDINHIIL VSVN) (98-X WNANVHOWAN TVOINHOHL VSVN)
, ) ‘qe} -saderp "dug 6961 Joquadag AI3WOBIUON ‘qer “sxderp ‘dig "6GeT Jeqmajdas ‘ArowoSiuo|W
98X WA VSVN "III *O uyop pue yeseX ‘L MMed °0%°0 40 HOLOVA 98-X WL VSVN 'III *D uyop pue (yesex "I Med ‘020 JO HOLOVA
"D uyor ‘Arswofjuoly ‘I NOISNAAIA dLL NOISIA V HLIM LOOJ JYVNOS HId 'O uyopr ‘ArswoSiuol ‘I NOISAJIJIQ dI1 NOISEd V HIIM LOOd TavNdSs ¥Hdd
"Lhed ixesex 1 aNODES ¥Id SANNOd 0F HOd AINDISId HOLOH L red ‘iqesex ‘1 ANODIS ¥Td SANNOd 0% HOZ QINDISTA HOLOYH
(1°1°9°8) L, Mord MOTA TVIXV DINOSNVHL OILVH SNIAVY dLL (1'1°9°¢) Mo1 g MOTI TVIXV DINOSNVHL OLLVY SNIavy dIL
-rexy - sabddodmon 1 -gNH $£°0 V JO NOILLVOLLSIANI TVINIWIHIAXH -TeIXY - saossesdwo) | -gNH S0 V 40 NOLLVOLLSIANI TYINIWIHAIXT

‘UOTJBJI}STUTIIPY 90edS PUE SOTINBUCIAY TEUOHEN
98-X WL VSVN




evaasn
assese

Tasa




